Calculation of Molecular Electronic LDOS in the Presence of Strong Electron-Phonon

Coupling Utilizing the Cumulant Expansion
In order to understand the results of STM spectroscopy of molecular systems exhibiting strong electron-phonon coupling, we must be able to calculate the electronic local density of states (LDOS) or the spectral function under these conditions. Here we describe how we are able to calculate the LDOS for molecular adsorbates using density functional theory (DFT) together with the 1 st order cumulant approximation for the electron-phonon coupling.
The electronic LDOS
is related to the measured STM tunneling conductance by
, (
where G is the electronic Green's function for the combined electron and phonon system. G is obtained by solving the Hamiltonian
where  j c , j c are electron creation and annihilation operators and   a ,  a are phonon creation and annihilation operators. We will neglect the dependence on electron wavevector k , as well as phonon wavevector q . This is based on the observation that the electron and phonon bandwidths are both relatively small. We have also checked that the electron-phonon matrix elements do not change appreciably with wavevector.
In the following sections, we first describe how the quantities
are calculated from DFT. With Eq. SI-2 fully parameterized, the cumulant approximation then provides a way to solve the strongly-coupled Hamiltonian in SI-2 to obtain the LDOS.
Calculation of electronic levels and phonon modes within density functional theory:
As a preliminary step for performing the cumulant approximation calculation for 
Details of the cumulant approximation for G:
In systems with strong electron-phonon coupling, low-order perturbation theory for G can be improved by using the cumulant expansion 6, 7 . This expansion of the Green's function can be conveniently performed in the time domain:
where the terms ) (t G n contain the n th power of the electron-phonon coupling, and
is the zeroth order Green's function. The 1 st order cumulant approximation is as follows:
which is known to give an exact solution to Eq. SI-2 when there is only a single electronic orbital 7 . Within this approximation, at T=0, the density of states for unoccupied electronic orbital j is written as
(SI-5)
Here, 
